ABSTRACT. In order to identify the cDNAsresponsible for hemopoietic supportive activity, expression of mRNAs in hemopoietic supportive bone marrow stromal cells 
Bonemarrowstromal cells control the proliferation and differentiation of hemopoietic cells by direct cellto-cell contact as well as through production of humoral growth factors (2, 9, 31, 41, 43) . Several factors produced by bone marrow stromal cells constitute the hemopoietic microenvironment.The adherence of hemopoietic cells to the stromal cells is the first step in the control mechanismof hemopoiesis, and the subsequent proliferation and differentiation induced by humoral growth factors.
Hemopoietic supportive stromal cell line, and non-supportive stromal cell line, MS-K(33) were established from murine bone marrow. Hemopoietic cells adhered to MS-5 cells, but not to MS-K cells, although both the cell lines were lipoblast (pre-adipocyte) (33, 37). When Interleukin-3 (IL-3) dependent DA-1 cells were cultured on MS-5 cells, the DA-1 cells survived and proliferated in the absence of detectable . Expression of bcl-2 in DA-1 cells was induced when they were co-cultured in direct contact with MS-5 cells, which might be responsible for the growth of DA-1 cells on MS-5 cells in the absence of IL-3. Direct cell-to-cell interaction appears to be essential for the transduction of the signal necessary for the induction of the expression of bcl-2 from MS-5 cells to DA-1 cells. These observations showed a specific difference between hemopoietic supportive MS-5cells and non-supportive MS-K cells.
In this study, we have attempted to identify the molecules responsible for hemopoietic supportive activity.
MATERIALS AND METHODS

Cells.
Hemopoietic supportive MS-5 cells, established from murine bone marrow stromal cells (16), were maintained in aminimum essential medium (a-MEM) supplemented with 10% (v/v) horse serum (HS) at 37°C in 5% CO2 in humidified air.
MS-Kcells, established from murine bone marrow, do not support hemopoiesis in vitro (33). They were maintained in aMEMsupplemented with 5% (v/v) HS at 37°C in 5% CO2 in humidified air. Interleukin-3 (IL-3)-dependent cell line, 14) , was used as a model of hemopoietic cells. It was maintained in RPMI-1640 medium supplemented with 10% (v/v) fetal calf serum (FCS) and 10% (v/v) medium conditioned by STIL-3 C5 cells (32) as a source ofIL-3, at 37°C in 5% CO2 in humidified air.
Construction of subtracted CDNAlibrary. i) Adaptor. The pBR322BamHlsite counter-clockwise adaptor (pBR322 adaptor) was synthesized by annealing the sense oligonucleotide (5'-TgATCgCgTAgTCgATAgTg-3') (pBR322 primer) to anti-sense oligonucleotide (5'-CAgCTAT CAC-3'). The Ml3 reverse adaptor (Ml3 adaptor) was synthesized by annealing the sense oligonucleotide (5'-CggAAACA gCTATgACCATg-3') (M13 primer) to anti-sense oligonucleotide (5'-ATACTggTAC-3').
ii) Preparation of mRNAand synthesis of CDNA. Total RNAswere extracted from MS-5 and MS-Kcells using TRIzol reagent (Gibco BRL, USA). Enrichment for polyadenylated (Poly(A)+) RNAwas performed using QuickPrep mRNApurification Kit with oligo (dT)-cellulose spun column (Pharmacia, Sweden).
Five micrograms of Poly(A)+ mRNA thus constructed were reverse-transcribed using CDNASynthesis Kit (Pharmacia). Each CDNAwas digested to small fragments with Rsal for size-selection between 0.5 and 1 kilobases (kb). Digested MS-5 CDNAwas ligated to pBR322 adaptor, whereas MS-KCDNA was ligated to Ml3 adaptor using DNALigation Kit (Takara, Japan). Adaptor ligated cDNAswere amplified by polymerase chain reaction (PCR) method as described previously (19). MS-5 CDNAand MS-KCDNAwere amplified using the pBR322 primer or the 5' end biotinylated M13 primer (M13-B primer), respectively. PCRwas carried out in a reaction volume of 100 [A under standard conditions for appropriate cycles that amplified the product increase logarithmically. Briefly, 10 cycles of first PCR and 8-12 cycles of second PCR were performed with denaturation at 95°C for 1 min, annealing at 55°C for 1 min, and extension at 72°C for 1 min. After PCR, amplified products were extracted with phenol/chloroform, precipitated with ethanol, and dissolved in TE buffer. Screening of subtracted MS-5-CDNAlibrary. i) Southern blot analysis. Since subtracted CDNAlibrary also contains the clones of MS-Kspecific clones, the library was screened by southern blot analysis to removethe contaminant clones. Briefly, the CDNAlibrary was transfected to competent cells and blue versus white color selection for insertcontaining colonies was carried out. Then, insert-included colonies were used for the preparation of probes for screening. Insert-containing clones were directly picked up and put into PCRreaction-mixture containing [a-32P] dCTP as a template CDNA,and radio-labeled probes were prepared using SK and
KSprimer. MS-5 and MS-K CDNA, amplified by PCR, were electrophoresed on \% (w/v) agarose gels and blotted to Hybond-N+ membrane (Amersham, England) in 0.4 M NaOH, and hybridized with probes using Rapid-hyb buffer (Amersham). Hybridization was carried out for 2 hour at 65°C, and the membrane was washed three times in 2x SSC and 0.1% SDS for 5 min at room temperature. Autoradiography was performed by exposure to Hyperfilm-MP (Amersham) for 3-4 days at -80°C.
ii) Northern blot analysis. After southern hybridization, the screened (subtracted) CDNAclones were reconfirmed by northern blot analysis. The denatured total RNA(20 fig) was electrophoresed on \% (w/v) agarose-formaldehyde gels and transferred onto Hybond-N+ membrane. Membranes were hybridized with probes using Rapid-hyb buffer. Hybridization was carried out for 2 hours at 65°C and after hybridization the membrane was washed three times in 2xSSC and 0.1% SDS for 5min at room temperature. Autoradiography was performed by exposure to Hyperfilm-MP for 3-4 days at -80°C.
Construction of expression vectors and transfection.
The screened CDNA clones in pBluescript SK(-) plasmid were amplified and prepared using FlexiPrep Kit (Pharmacia), and sequenced using BcaEEST Dideoxy Sequencing Kit (Takara). Autoradiography was performed by exposure to Hyperfilm-MP for overnight at room temperature. Sequence analysis revealed that two of the screened CDNA clones coded lipid binding protein (LBP) and haptoglobin (Hp) .
Since the sequenced CDNA clone was digested to small fragments for size-selection between 0.5 and 1 kb, the CDNAcon-taining the complete coding sequences was prepared by PCR amplifications from a MS-5-CDNA library using LBP-sense (5'-ATgTgTgATgCCTTTgTggg-3') and LBP-antisense (5'-TC ATgCCCTTTCATAAACTC-3') and Hp-sense (5'-ATgAgAg CCCTgggAgCTgT-3') and Hp-antisense (5'-CTAgTTCTTgg CCATggTTT-3') primer with Pfu DNApolymerase (Stratagene), since Pfu DNApolymerase have high fidelity (15, 29) . The full length CDNAwas constructed in the plasmid pBluescript SK(-) using TA cloning method and sequenced. The confirmed CDNAinsert was isolated by digestion of the pBluescript SK(-) with Notl and Xhol and then subcloned into plasmid PMKIT Neo which was an expression vector for mammalian cells. PMKITNeo was kindly provided by Dr. K. Maruyama (Tokyo Medical and Dental University), MS-Kcells (2x 105) were transfected with 10 ptg of the expression plasmid by calcium phosphate method (6). For stable expression, cells wereselected in the culture mediumcontaining 400 //g/ml G418 (Gibco BRL) after 48 hour transfection. In order to elucidate the hemopoietic supportive activities of LBP and Hp, the attachment of hemopoietic cells to the cell surface of the stromal cells was assayed. As shown in Figure 3a and 3b, MS-K-LBP formed rosettes with hemopoietic cells as MS-5cells. In contrast, MS-K-Hp (Fig. 3c) The number of hemopoietic cells in the supernatants of co-culture increased linearly (Fig. 4) . However, we could not establish a long-term culture system, since MS-K-LBPco-cultured with hemopoietic cells detached from culture dish in 5 days. (1 x 106) were overlaid on the stromal cells in culture. After 2 hour incubation, the culture plates were washed three times with pre-warmed PBS" by gently shaking to remove non-adherent cells. Stromal cells that attach hemopoietic cells were counted directly on a phase-contrast reverse microscopeas rosette-forming cells. mediate the adhesion of hemopoietic progenitor cells to stromal cell elements via recognition of stromal heparan sulfate (7). VLA-4 is a homing receptor (12) It is conjectured that VLA-5, CD44, collagen, fibronectin and hyaluronate might be responsible for the rosette formation. Haptoglobin is a major plasma protein that binds free hemoglobin (45) .
LBPexists as a single polypeptide with a molecular weight of 15,000 (24). Liposome assay revealed that the purified protein bound both oleic acid and retinoic acid saturably at a rate of approximately 1 mol of ligand per mol of protein. Murine LBP is phosphorylated on tyrosine 19 in an insulin-stimulated fashion by the insulin receptor in vitro, and the presence of a bound fatty acid on LBPincreases the affinity of insulin receptor for LBP (3, 42) . Adipocyte differentiation involves the transcriptional activation of several genes in triglyceride metabolism, including the adipose P2 (aP2) gene that encodes the LBP (?, 10). However, the role ofLBP on hemopoiesis has not been clarified. 
